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颗石藻 (Emiliania huxleyi) 为研究材料，在探讨了该藻钙化作用的生理效应的基
础上，研究了海洋酸化和 UV 辐射对其固碳作用的单一及其耦合效应。主要结果
如下： 
适应低钙浓度 (LCa，0.1 mM) 的 E. huxleyi (CS-369) 细胞，与在正常 (HCa，
10 mM) 钙浓度下生长的细胞相比，其钙化量下降的同时，伴随着光系统热耗散 
(NPQ) 的同步降低。通过  E. huxleyi 的非钙化  (失去钙化能力的 ) 品系 
(CCMP1516 和 CCMP2090) 进一步验证的结果证明：颗石藻的钙化作用与光合
作用紧密关联；钙化作用起着促进热耗散与光保护的作用，这种作用在强光胁迫
的条件下尤其明显。 
CO2 升高导致的海水酸化，降低了 E. huxleyi 的生长、钙化作用和 C/P 比值 
(钙化与光合固碳量比)。UV 辐射促进了 E. huxleyi 的钙化作用，但降低了生长和
光合作用。在只有可见光时，酸化促进光合作用，而 UV 辐射存在时酸化对光合




总之，酸化降低 E. huxleyi 的钙化作用和 C/P 比值，这将影响与钙化和光合
作用相关的碳循环。UV 辐射抵消了酸化对光合固碳的影响，而酸化增加了 UV
对细胞的损伤。尽管颗石藻的钙化可以起到一定的光保护的作用，但未来越来越

















Coccolithophores are not only important primary producers, but also account for 
about half of global ocean calcification, therefore, playing an important role in the 
global ocean carbon cycle. How photosynthetic and calcification carbon fixation 
processes respond to ocean acidification (OA) and UV radiation are important issues in 
global change biology and marine sciences. The cosmopolitan coccolithophore species 
Emiliania huxleyi was chosen to investigate its responses to the single or combined 
effects of OA and UV radiation after the physiological function of calcification was 
examined. The main results are as follows:  
Compared with the cells grown at ambient (HCa, 10 mM) Ca
2+
 levels, E. huxleyi 
(CS-369) cells grown at reduced Ca
2+
 level (LCa, 0.1 mM) showed decreased 
calcification rate concomitant with decrease of NPQ (non-photochemical quenching). 
Further test using of 2 non-calcifying E. huxleyi strains (CCMP1516 and CCMP2090) 
revealed that: (1) calcification is closely correlated with photosynthesis; (2) 
calcification functions to dissipate excessive energy and plays an important role in 
photoprotection, especially under light-stressful conditions.  
OA treatment decreased the growth, calcification and C/P ratio (ratio of 
calcification and photosynthetic carbon fixation) of E. huxleyi. The photosynthesis 
increased under OA and visible light conditions, but such effect was antagonized by 
exposure to UV radiation. In addiation, OA led to decrease of NPQ and coccolith 
amount of E. huxleyi, resulting higher sensitivity of the cells UV radiation. 
Experiments on the OA effects during the cruises in the South China Sea also 
demonstrated decreased calcificaiton rate and C/P ratio of phytoplankton community 
grown under the elevated CO2 concentration, though inconsistent trend was observed 
in the photosynthetic response.   
In conclusion, OA reduced calcification and C/P ratio of E. huxleyi, and 
increased the cell’s sensitivity to UV radiation. Although calcification can play an 
photoprotective role, the coccolithophores will be less competitive in the oceans that 
are being acidified due to increasing atmospheric CO2.  
 

















BWF Biological weighting function 生物加权函数 
Ce The counting efficiency 计数效率 
Chl                                     Chlorophyll 叶绿素 
CPM Counts per minute 放射性物质每分钟的计数 
C/P Calcification rate/Photosynthetic carbon fixation 钙化与光合速率的比值 
DIC Dissolved inorganic carbon 溶解性无机碳 
Ek Light saturation point 光合作用光饱和点 
ETR Electron transport rate 电子传递速率 
Fm Maximal fluorescence 暗适应最大荧光 
Fo Initial fluorescence 暗适应初始荧光 
Fv Variable florescence 暗适应可变荧光 
Fm′ Instant maximal fluorescence 光适应最大荧光 
Ft Instant initial fluorescence 即时荧光 
Fv′ Variable florescence 光适应可变荧光 
Fv′/Fm′ Effective quantum yield 有效量子产额 
If The isotope discrimination factor 同位素差别因子 
LC Low CO2 低CO2 
HC High CO2 高CO2 
LCa Medium with 0.1 mM Ca















HCa Medium with 10 mM Ca
2+
 钙浓度为10 mM的培养基 
MAAs Mycosporine-like amino acids 三苯甲咪唑类氨基酸 
NPQ Non-photochemical quenching 非光化学淬灭 
P (PAR) Photosynthetically active radiation (400-700 nm) 光合有效辐射 (可见光) 
PA PAR+UVA (320-700nm) 可见光和紫外辐射A 
PAB PAR+UVA+UVB (280-700nm) 全波段太阳辐射 
Pmax Maximal photosynthetic rate 最大光合作用速率 
PIC Particulate inorganic carbon 颗粒无机碳 
POC Particulate organic carbon 颗粒有机碳 
PSII Photosystem II 光系统II 
qE Energy dependent NPQ 能量依赖型非光化学淬灭 
UVR Ultraviolet radiation (280-400 nm) 紫外辐射 
UVA Ultraviolet radiation A (315-400 nm) 紫外辐射A 
UVB Ultraviolet radiation B (280-315 nm) 紫外辐射B 
α Light utilization efficiency 光能利用效率 
σPSII functional absorption cross-section of PSII 光系统II有效截面积 












第 1 章  研究进展与意义 
1 
第 1 章 研究进展与意义 
自工业革命以来，人类使用化石燃料的排放了大量的 CO2，导致全球变暖的
同时，也使得海水酸化。目前大气 CO2 浓度比过去 80 万年都高，海洋酸化的速
度为 3 亿年以来最快，而且将进一步加快 (Hönisch et al. 2012)。即使保守估计，





























的 CO2 浓度有很大的横向和纵向差异。另外，海水中 CO2 气体的溶解度与海水
温度呈负相关关系。一般来说热带地区释放 CO2，而高纬度地区吸收 CO2，并且
深海中的 CO2 浓度高于表层海水。海洋中的碳分布由两种基本机制控制：溶解
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